X-ray Powder Diffraction Data
Figure S1 X-ray powder diffraction pattern for complex 1 (blue, room temperature) compared with the pattern simulated from single crystal diffraction data (red, 100 K) Figure S2 X-ray powder diffraction patterns for complex 2 with guest solvents DMA (Black), MeCN (red) and EtOAc (blue), all measured at 100 K, compared with the pattern simulated from single crystal diffraction data (green). The simulated pattern is modelled at FWHM = 0.2° to better simulate the loss of angular resolution from measuring and integrating Debye rings using an area detector. Figure S4 X-ray powder diffraction pattern of air-exposed complex 2 (blue, room temperature) compared with the pattern simulated from single crystal data (red, 100 K).
Figure S5
X-ray powder diffraction pattern for complex 3 (blue, room temperature) compared to the pattern simulated from single-crystal data (red, 100 K), and the pattern observed from the MeCNexchanged and air-exposed material (green, room temperature). 
Thermogravimetric Analysis

Quantum Yield Determinations
Photoluminescence quantum yields were determined by the comparative method, S1 using quinine sulfate in 2M sulfuric acid as a reference (Φ = 0.546). S2 The absorbance at 366 nm and emission, integrated across the range 380 -600 nm (excitation & emission slit widths 2.5 nm), were measured across a range of concentrations and plotted, and the quantum yield of the unknown was given by the following relation, where η is the refractive index of each solvent.
Each series of measurements was carried out in duplicate and the final values averaged, giving agreement within the accepted margin of error of ± 10%. In the cases of H 2 L2 and H2L3 in DMSO, the high-concentration forms did not return a linear relationship between absorbance and integrated emission intensity at concentrations where the low-concentration form was not present (i.e. above 5 µM, where A > 0.2), and so Φ PL was not determined. 
Gas Adsorption Data
BET Surface Area Calculations
Isosteric Heat of Adsorption Calculations
The heat of adsorption for CO 2 within complexes 2 and 3 was calculated using least-squares fitting of a virial thermal adsorption equation S3 , which models Ln(P) as a function of gas adsorbed. Datapoints were collected at 273, 283 and 293 K. The model function takes the form ln(P) = {ln(N) + (a 0 + a 1 N + a 2 N 2 …)/T + b}, where N represents the surface excess adsorption (mmol) at temperature T and a 0 , a 1 and a 2 are coefficients determined through least-squares fitting. The original parameter set of 5 parameters was sequentially reduced to maximise the data:parameter ratio. The enthalpy of adsorption is then given by the relation Q(N) = -R(a 0 + a 1 N + a 2 N 2 ). Optimised coefficients and parameters are given below.
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